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n is an integer of 5 to 12. 

R, and R 2 are each independently benzyl, ol which a phenyl ring may be substituted by 1 to 5 substituents selected 
from hydroxy, (C,-C 4 )alkyl, (C, -C 4 )alkoxy and halogen, and/or by methylenedioxy, with the proviso that R 1 and R 2 
are simultaneously not a compounH o! formula (II) 
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Description 

FIELD OF THE INVENTION 

5 This invention relates to multidrug resistance inhibitors for overcoming multidrug resistance of cancer which is 

found in cancer chemotherapy, and also agents for enhancing the activity of anti-cancer agents. 

BACKGROUND OF THE INVENTION 

10 It is a common problem for human beings to overcome cancer. For the purpose, many anti-cancer agents have 

been developed until now, but the expression of multidrug resistance of cancer has become a clinical problem. Multidrug 
resistance is a phenomenon (cross-resistance) in which cancer cells resist to not only the particular anti-cancer agent 
administered, but also the other anti-cancer agents, due to an administration of an anti-cancer agent or a resistance 
of cancer cells by nature to anti-cancer agents. Reportedly, about 50% of patients newly diagnosed as cancer showed 

is a drug resistance in the treatment of cancer, and more than 90% of the deaths showed some behaviors associated 
with the resistance of cancer cells to anti-cancer agents during the treatment with anti-cancer agents. Therefore, it has 
become extremely important in cancer chemotherapy to overcome multidrug resistance to anti-cancer agents of cancer 
cells. 

Although a mechanism of cancer cells causing multidrug resistance has not been clearly elucidated, it is considered 
20 to result from a reduced concentration of anti-cancer agents in the cells when said cells have acquired multidrug re- 
sistance. On the other hand, many cancer cells having multidrug resistance produce P-glycoprotein excessively and 
this P-glycoprotein may play a role in transporting anti-cancer agents out of the cells. P-glycoprotein is coded by a 
gene called MDR1 on human being. Thus the over-expression of MDRI gene in human cancer ceils is considered to 
be a cause of acquiring resistance (MDR1 resistance). P-glycoprotein has low substrate specificity and can bind with 
25 various kinds of compounds to transport drugs out of the cells. It follows that once P-glycoprotein expresses in cancer 
cells, the cells will acquire resistance to many other anti-cancer agents. In fact, it is known that many structurally 
different anti-cancer agents such as adriamycin, vinblastine, vincristine, actinomycin D, colchicine become a substrate 
for transporting outside cells by P-glycoprotein. Therefore, it is considered that inhibiting the function of P-glycoprotein 
will lead to overcoming multidrug resistance. It is reported that about 30% of multidrug resistances is caused by P- 
30 glycoprotein. 

It is known that messenger RNAof MDR1 gene encoding P-glycoprotein expresses in normal tissue, for example, 
kidney, adrenal, large intestine, small intestine, intestinum colon, lung, liver, pancreas, or lymphocyte. In kidney P- 
glycoprotein plays a part to transport drugs out of the body. The reason why anti-cancer agents have low activity in 
kidney cancer where kidney cells were cancerous is that P-glycoprotein produced therein will transport anti-cancer 

35 agents outside the cells. Recently, it is found that the main substance of blood brain barrier which controls transport 
of drugs into the brain is P-glycoprotein. This means that the concentration of anti-cancer agents delivered into brain, 
kidney, adrenal, large intestine, small intestine, intestinum colon, lung, liver, pancreas, lymphocyte of leukemia, etc., 
can be increased by inhibiting P-glycoprotein. Thus, P-glycoprotein inhibitors are expected to enhance effect of anti- 
cancer agents on brain tumor, kidney cancer, adrenal cancer, large intestine cancer, small intestine cancer, intestinum 

to colon cancer, lung cancer, liver cancer, pancreas cancer, or leukemia, etc. 

In the field of cancer chemotherapy, many anti-cancer agents have been used such as mitomycin, cyclophospha- 
mide, melphalan, nimustine, carboquone, vincristine, vinblastine, vindesine, bleomycin, 5-fluorouracil, adriamycin, cis- 
platin, actinomycin D. methotrexate, aclarubicin, toyomycin, neocarzinostatin, ifosfamide, etoposide, camptothecin, 
doxorubicin, irinotecan. Those drugs have characteristic anti-cancer spectra. Some of those anti-cancer agents are 

45 known to bring about a resistance of cancer cells to the agents by continuous or a long term administration. Further, 
the problem of cross-resistance has arisen. Therefore it has been required to activate or enhance the sensitivity of 
cancer cells having resistance to anti-cancer agents in the field of cancer chemotherapy. 

Taxol and its derivative taxotere were approved in U.S.A. in recent years, and will be done in Japan. They are 
expected to be one of the leading drugs of solid carcinoma chemotherapy in the future, because of having a potent 

so and strong anti-cancer activity, particularly in the field of solid carcinoma. However, taxol is known to be a substrate 
for transporting outside cells by P-glycoprotein, and its activity may be weakened by MDR1 resistance. Recently, it is 
reported that P-glycoprotein inhibitors can overcome taxol resistance in MDR1 resistance cells (Cancer Res. vol. 55, 
1086-1091 , 1995). This shows that P-glycoprotein inhibitors are also effective for taxol resistance. 

Some of the instant compounds are included in a series of isoprenylamine derivatives having anti-viral and anti- 

55 tumor activities disclosed in Japanese Patent Kokoku 1 -36457 in which there is no reference that the isoprenylamine 
derivatives have the function as multidrug resistance inhibitors for overcoming multidrug resistance of cancer. 
Tsuruo et al. report that verapamil represented by the following formula (III) 
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inhibits P-glycoprotein and overcomes MDR1 resistance (Cancer Res., vol. 41, 1967-1972, 1981). 
Nakagawa et al., Japanese Patent Kokoku 5-16411 discloses a compound of formula (IV) 




,OMe 



OMe 



(IV) 



OMe 



and the pharmaceutical^ acceptable salts thereof, which have an activity of overcoming adriamycin (ADM) resistance 
to ADM, one of anti-cancer drugs Ogawa et al, Japanese Patent Kokai 2-1 38211 , discloses that the malate of formula 
(IV) has an activity of enhancing the anti-cancer activity. 

There is no report that tne compound of formula (IV) enhances an anti-cancer activity of taxol in MDR1 resistance 
cells. 

DETAILED DESCRIPTION O^ THE INVENTION 

We have studied many compounds lor enhancing the activity of anti-cancer agents in an effort to overcome the 
above-mentioned prooioms o* muQidrug resistance of cancer cells. As a result, we have found that the compounds of 
formula (I) have an activity cf ovorcommg multidrug resistance in MDR1 resistance cells, without Ca 2+ antagonist 
activity and with a tow cyTototttcffy and also an activity of enhancing the activity of anti-cancer agents, in particular 
taxol and its derivatives 

Accordingly, the proson* mvontton provides a pharmaceutical composition which comprises as an active ingredient 
a compound of formula (I) o h pnarmaceuncally acceptable salt thereof: 



n is an integer of 5 to 12, 

R 1 and R 2 are each independently benzyl, of which a phenyl ring may be substituted by 1 to 5 substituents selected 
from hydroxy, (C^C^alkyl, (C r C 4 )alkoxy, and halogen, and/or by methylenedioxy, with the proviso that and 
R 2 are simultaneously not a compound of formula (II) 




(i) 



wherein 
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The present invention also provides a multidrug resistance inhibitor comprising as an active ingredient a compound 
io of formula (I) or a pharmaceutical^ acceptable salt thereof. Further, the invention provides an agent for enhancing the 
activity of anti-cancer agents in the treatment of cancers which include brain tumor, kidney cancer, adrenal cancer, 
large intestine cancer, small intestine cancer, intestinum colon cancer, lung cancer, liver cancer, pancreas cancer and 
leukemia. The present invention further provides an agent for enhancing the activity of taxol or its derivatives, which 
comprises a compound of formula (I) or a pharmaceutically acceptable salt thereof in combination with taxol and its 
is derivatives. The taxol derivatives include, for example, taxotere. 

In the compounds of formula (I), the C r C 4 alkyl group can be straight-chain or branched, which can include methyl, 
ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, and tert-butyl. The C r C 4 alkoxy group, the alkyl moiety of which can be 
straight-chain or branched, can include methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, sec-butoxy, tert-butoxy. Hal- 
ogen can include fluorine, chlorine, bromine and iodine. 
20 Examples of the groups represented by the following formula 



25 




wherein n is an integer of 5 to 12, can include geranylfarnesyl, famesylfamesyl, farnesylgeranylgeranyl, farnesylfar- 

30 nesylgeranyl, solanesyl, decaprenyt, undecaprenyl and dodecaprenyl. 

The compounds of formula (I) may be converted, if desired, to the corresponding acid addition salts with pharma- 
ceutically acceptable acids. The acid addition salts are included within the scope of this invention, which can include 
the salts with inorganic acids such as hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid and the like, and 
the salts with organic acids such as fu marie acid, citric acid, maleic acid, phthalicacid, malic acid, tartaric acid or the like. 

35 The compounds of formula (I) can be present in various geometrical isomeric forms, for example, cis/trans isomers. 

In addition to those compounds of formula (I), possible metabolites induced from the compounds of formula (I) and the 
metabolic precursors, i.e., "prodrug" which is metabolized in vivo to form the compounds of formula (I), are included 
within the scope of the present invention. 

The compounds of formula (I) may be prepared by various conventional methods, for example, as shown by the 

to following Route 1 or 2. 

Route 1 
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Route 2 
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20 Route 1 illustrates a process for the preparation of the compounds of formula (I) wherein and R 2 are identical, 

in accordance with the process described in Japanese Patent Kokai 3-2150. 
Step A in Route 1 is the step of reacting a compound of formula (V) 



25 




30 



wherein ^ and R 2 are as defined above and both are identical, with a compound of formula (VI) 



35 




(VI) 



40 



45 



50 



55 



wherein n is as defined above, and X is a leaving group such as halogen and sulfonate to prepare the compounds of 
formula (I) wherein R, and R2 are identical. 

In the above Step A. the reaction is carried out in the presence or absence of solvents using 0.1 - 10 moles of a 
compound of formula (VI) per mole of a compound of formula (V). In this reaction, various bases may be added, if 
necessary, which include carbonates such as potassium carbonate, sodium carbonate, sodium hydrogencarbonate; 
hydroxides such as sodium hydroxide, potassium hydroxide, lithium hydroxide; amines such as triethylamine, diethyl- 
amine, diisopropylethylamine, tributylamine, diisopropylamine, trimethylamine; pyridines such as pyridine, 4-dimeth- 
ylaminopyridine. Diisopropylamine is preferably used. 

The solvents employed in Step A are not specifically limited, unless giving an influence on the reaction, which can 
include hydrocarbons such as benzene, toluene, xylene, hexane, and heptane; halogenated hydrocarbons such as 
chloroform, methylene chloride, carbon tetrachloride, and 1 ,2-dichloroethylene; ethers such as diethyl ether, diisopropyl 
ether, tetrahydrofuran, and dioxane; amides such as dimethylformamide, dimethylacetamide, and hexamethylphos- 
phoric triamide; alcohols such as methanol, ethanol, and isopropanol; sulfoxides such as dimethylsu If oxide; sulforan; 
water; and these mixed solvents. 

Examples of compounds represented by formula (VI) can include geranylfarnesyl chloride, famesylfarnesyl chlo- 
ride, farnesylgeranylgeranyl chloride, farnesylfarnesylgeranyl chloride, solanesyl chloride, decaprenyl chloride, unde- 
caprenyl chloride, dodecaprenyl chloride, geranylfarnesyl bromide, famesylfarnesyl bromide, farnesylgeranylgeranyl 
bromide, farnesylfarnesylgeranyl bromide, solanesyl bromide, decaprenyl bromide, undecaprenyl bromide, dodeca- 
prenyl bromide, geranylfarnesyl iodide, famesylfarnesyl iodide, farnesylgeranylgeranyl iodide, farnesylfarnesylgeranyl 
iodide, solanesyl iodide, decaprenyl iodide, undecaprenyl iodide, dodecaprenyl iodide, methanesutfonyl geranylfar- 
nesol, methanesutfonyl farnesylfarnesol, methanesulfonyl farnesylgeranylgeraniol, methanesutfonyl farnesylfar- 
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nesylgeraniol, methanesulfonyl solanesol, methanesulfonyl decaprenol, methanesutfonyl undecaprenot, methanesul- 
fonyl dodecaprenol, ethanesulfonyl geranylfarnesol, ethanes ulfony I famesylfarnesol, ethanesulfonyl famesylgeran- 
ylgeraniol, ethanesulfonyl famesylfarnesylgeraniol, ethanesulfonyl solanesol, ethanesulfonyl decaprenol, ethanesul- 
fonyl undecaprenol, ethanesulfonyl dodecaprenol, propanesulfonyl geranylfarnesol, propanesulfonyl famesylfarnesol, 
propanesulfonyl tamesylgeranylgeraniol, propanesulfonyl famesylfarnesylgeraniol, propanesulfonyl solanesol, pro- 
panesulfonyl decaprenol, propanesulfonyl undecaprenol, propanesulfonyl dodecaprenol, butanesulfonyl geranylfar- 
nesol, butanesulfonyl famesylfarnesol, butanesulfonyl famesylgeranylgeraniol, butanesulfonyl farnesylfarnesylgerani- 
ol, butanesulfonyl solanesol, butanesulfonyl decaprenol, butanesulfonyl undecaprenol, butanesulfonyl dodecaprenol, 
isopropytsutfonyl geranylfarnesol, isopropylsulfonyl famesylfarnesol, isopropylsulfonyl famesylgeranylgeraniol, isopro- 
pylsulfonyl farnesylfarnesylgeraniol, isopropylsulfonyl solanesol, isopropylsulfonyl decaprenol, isopropylsulfonyl unde- 
caprenol, isopropylsulfonyl dodecaprenol, p-toluenesulfonyl geranylfarnesol, p-toluenesulfonyl famesylfarnesol, p-tol- 
uenesulfonyl famesylgeranylgeraniol, p-toluenesulfonyl farnesylfarnesylgeraniol, p-toluenesulfonyl solanesol, p-tolue- 
nesulfonyl decaprenol, p-toluenesutfonyl undecaprenol, and p-toluenesulfonyl dodecaprenol. 

The reaction may be carried out at a temperature broadly ranging from ice-cooling to reflux-heating. The reaction 
time can be varied, depending on a reagent and a reaction temperature, etc., but is usually 0.5 to 36 hours. This 
reaction is preferably carried out at a temperature of 10 to 30° C for 1 to 24 hours in the solvent such as ethers. More 
preferably, this reaction is carried out at a temperature of 10 to 25°C for 1 to 1 2 hours in tetrahydrofuran in the presence 
of dii sop ropy (amine. 

Route 2 illustrates a process for the preparation of the compounds of formula (I) wherein ft, and R2 are the same 
or diflerent. 

Step B in Route 2 is the step of reacting a compound of formula (VII) 



wherein R 3 is a phenyl group which may be substituted by 1 to 5 substituents selected from hydroxy, (C 1 -C 4 )alkyl, (C r 
C 4 )alkoxy, and halogen, and/or by methylenedioxy, in the presence or absence of solvents to prepare a compound of 
formula (VIII) wherein n, R 1 and R 3 are as defined above. 

This reaction may be carried out while removing a producing water with Dean-Stark apparatus, etc., or in the 
presence of dehydrating agents such as anhydrous sodium carbonate, anhydrous potassium carbonate, anhydrous 
sodium sulfate, anhydrous potassium chloride, anhydrous magnesium sulfate and molecular sieve. In general, the 
reaction is preferably carried out in the presence of a solvent. The solvents employed in this reaction are not specifically 
limited, unless giving an influence on the reaction, which can include hydrocarbons such as benzene, toluene, xylene, 
hexane, and heptane; halogenated hydrocarbons such as chloroform, methylene chloride, carbon tetrachloride and 
1,2-dichloroethylene; ethers such as diethyl ether, diisopropyl ether, tetrahydrofuran and dioxane; amides such as 
dimethylformamide, dimethylacetamide and hexamethylphosphoric triamide; alcohols such as methanol, ethanol and 
isopropanol; sulfoxides such as dimethylsu If oxide; sulforan; and these mixed solvent. 

The reaction may be carried out at a temperature broadly ranging from ice-cooling to reflux-heating. The reaction 
time can be varied, depending on a reagent and a reaction temperature, etc., but is usually 0.5 to 12 hours. This 
reaction is preferably carried out at a temperature from ice-cooling to reflux-heating for 1 to 5 hours in the presence of 
the solvents such as hydrocarbons and alcohols or the mixed solvents of alcohols and halogenated hydrocarbons. 
More preferably, this reaction is carried out at a temperature ranging from 0°C to reflux-heating for 0.5 to 3 hours in 
the presence of methanol or ethanol, or the mixed solvent of methanol and chloroform. 

Step C in Route 2 is the step of reducing a compound of formula (VIII) to prepare the compounds of formula (I). 
This reaction is usually carried out in the presence of a reducing agent. The reducing agents which can be used include 
metal hydrides such as lithium borohydride, sodium borohydride, sodium cyanoborohydride, lithium aluminium hydride 
and diisobutyl aluminium hydride. This reaction is usually carried out in the presence of a solvent. The solvents used 




wherein n and are as defined above, with a compound of formula (IX) 



R3CHO 



(IX) 
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are not specifically limited, unless giving an influence on the reaction, which can include hydrocarbons such as benzene, 
toluene, xylene, hexane and heptane; halogenated hydrocarbons such as chloroform, methylene chloride, carbon 
tetrachloride and 1 ,2-dichloroethylene; ethers such as diethyl ether, diisopropyl ether, tetrahydrofuran and dioxane; 
amides such as dimethylformamide, dimethylacetamide and triamide hexamethylphosphate; alcohols such as meth- 
anol, ethanol and isopropanol; sulfoxides such as dimethylsulfoxide; water; and these mixed solvents. 

The reaction may be carried out at a temperature broadly ranging from ice-cooling to reflux-heating. The reaction 
time can be varied, depending on a reagent and a reaction temperature, etc., but is usually 0.5 to 24 hours. Preferably, 
this reaction is carried out at a temperature ranging from ice-cooling to 50°C for 0.5 to 5 hours in the presence of 
sodium borohydride or sodium cyanoborohydride in the solvent such as alcohols or the mixed solvents of alcohols and 
halogenated hydrocarbons. 

The reactions in the above Steps B and C may be optionally carried out in the same vessel. More specifically, a 
compound of formula (VII) and a compound of formula (IX) are reacted in a solvent to give a compound of formula 
(VIII), followed by reducing the compound of formula (VIII) with a reducing agent in the same vessel to give a compound 
of formula (I). Preferably, this reaction is carried out by reacting the compounds of formulas (VII) and (IX) at a temper- 
ature ranging from 0°C to reflux-heating in alcohols, in particular methanol or ethanol, or the mixed solvents of alcohols 
and halogenated hydrocarbons, in particular, those of methanol and chloroform, to afford the compound of formula 
(VIII), followed by reducing the compound of formula (VIII) in the same vessel with a reducing agent of sodium boro- 
hydride or sodium cyanoborohydride at a temperature of 0 to 30°C for 0.5 to 3 hours. 

The invention provides a pharmaceutical composition comprising as an active ingredient a compound of formula 
(I) or a pharmaceutical^ acceptable salt thereof, and optionally a pharmaceutically acceptable carrier. 

The present compounds of formula (I) can usually be administered in various dosage forms which include the 
preparations adapted for oral or parenteral administration. The oral preparations include tablets, hard and soft capsules, 
granules, powders, syrups and elixirs. The parenteral preparations include injections (intravenous, intramuscular, sub- 
cutaneous, intraperitoneal), drops and suppositories. These preparations can be prepared by conventional methods 
employing conventional additives such as excipients, binders, disintegrants, lubricants, flavorings, solubilizing aids, 
suspending agents, coating agents or the like. Route and dosage of administration for the compounds of the invention 
are not specifically limited and are appropriately chosen depending upon form of the preparations, age, sex and weight 
of the patient, severity of the disease and other factors. Daily dosage of the active ingredient for adult is 0.1 to 600 mg. 
No adverse toxicological effects are indicated at any of the above dosage range. 

The invention is further illustrated by the following Examples. 

Preparation Example 1 

N,N'-bis(3,4-diethoxybenzyl)-N-solanesy!ethylenediamine 




To a solution of N.N'-bisp.^iethoxybenzylJethylenediamine (16.7 g, 40 mmol) in tetrahydrofuran (100 ml) was 
added dropwise a solution of solan esylbromide (6.94 g, 10 mmol) in tetrahydrofuran (70 ml) at room temperature over 
a period of 2 hours with stirring. After the mixture was further stirred at room temperature for 3.5 hours, a saturated 
aqueous solution of potassium carbonate (100 ml) and ethyl acetate (100 ml) were added and the mixture was stirred 
at room temperature. The organic layer was concentrated, and to the residue was added hexane (200 ml) and ace- 
tonitrile (100 ml). The mixture was stirred at room temperature. Most of unreacted r^N'-bisfS^-diethoxybenzylJethyl- 
enediamine were recovered as a acetonitrile layer. The hexane layer was concentrated and the residue was subjected 
to a silica gel column chromatography to give 6.75 g of N t N'-bis(3,4-diethoxybenzyl)-N-solanesylethylenediamine (yield 
66%) as a brown oily product, which was converted to the dihydrochloride by conventional method. 
Free base: 1 H NMR (CDCI 3 ) 6 1.41 (t, J = 6.8 Hz, 3H), 1.42 (t, J = 6.8 Hz, 9H), 1.60 (s, 24H), 1.64 (s, 3H), 1.68 (s, 
3H), 1.90 - 2.10 (m, 32H), 2.59 (t, J =5.8 Hz, 2H), 2.67 (t, J = 5.8 Hz, 2H), 3.03 (d, J = 6.4Hz, 2H), 3.46 (s, 2H), 3.62 
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(s, 2H), 4.03 (q, J = 6.8 Hz, 2H), 4.06 (q, J = 6.8 Hz, 2H), 5.08 -5.13 (m, 8H), 5.28 (t, J = 6.4 Hz, 1 H), 6.75 - 6.84 (m, 6H). 
Dihydrochloride: 1 H NMR (CDCI 3 ) 6 1.42 - 1.48 (m, 12H), 1.60 (s, 27H), 1.67 (s, 3H), 1.90 - 2.20 (m, 32H), 3.04 (br, 
1H), 3.20 (br, 1H), 3.82 (br, 2H), 4.02 (br, 2H), 4.07 - 4.19 (m, 10H), 5.05 - 5.15 (m, 8H), 5.43 (t, 1H), 6.82 (d, J = 7.8 
Hz, 1H), 6.92 (d, J = 7.8Hz, 1H), 6.83 (d, J = 7.8Hz, 1H), 6.93 (d, J = 7.8 Hz, 1H), 10.43 (br, 1H), 10.59 (br,1H), 11.76 
(br, 1H). 

Preparation Example 2 

N.N'-bispiperonylbenzyl-N-solanesylethylenediamine 




The title compound was prepared by a similar way as in Preparation Example 1 , except for using N.N'-bispipero- 
nylbenzylethylenediamine instead of N,N , -bis(3,4-diethoxybenzyl)ethylenediamine. The title compound was converted 
to the dihydrochloride by conventional method. 

Free base: 1 H NMR (CDCI 3 ) 6 1.59 (s. 3H), 1.60 (s, 24H), 1.68 (s, 3H), 1.90 - 2.10 (m, 32H), 2.57 (t, J =5.4 Hz, 2H), 
2.65 (t, J = 5.4 Hz, 2H), 3.02 (d, J = 6.8 Hz, 2H), 3.43 (s, 2H), 3.60 (s, 2H), 5.05 - 5.15 (m, 8H), 5.26 (t, J = 6.8 Hz, 
1H), 5.93 (s, 4H), 6.6B - 6.80 (m, 6H). 

Dihydrochloride: m.p. 141 °C; 'H NMR (CDCI 3 ) 5 1.60 (s, 24H), 1.68 (s, 3H), 1.70 (s, 3H), 1.90 - 2.20 (m, 32H), 3.15 
(br, 1H), 3.29 (br, 1H), 3.72 (br, 2H), 3.87 (br, 2H), 4.03 (br, 2H), 4.18 (br, 2H), 5.05 - 5.15 (m, 8H), 5.48 (t, J = 7.3 Hz, 
1H), 5.96 (s, 2H), 6.00 (d, J = 5.4 Hz, 2H), 6.79 (d, J = 7.8 Hz, 1H), 6.81 (d, J = 7.8 Hz, 1H), 7.04 (d, J = 7.8 Hz, 1H), 
7.11 (s, 1H),7.16(s, 1H), 10.50 (br, 1H), 10.59 (br, 1H), 11.79 (br, 1H). 

Preparation Example 3 

N,N , -bis(4-hydroxy-3-methoxybenzyl)-N-solanesylethytenediamine 




The title compound was prepared by a simitar way as in Preparation Example 1, except for using N,N'-bis(4-hy- 
droxy-3-methoxybenzy1)ethylenediamine instead of N,N'-bis(3,4-diethoxybenzyl)ethylenediamine. Yield 30%. The title 
compound was converted to the dihydrochloride by conventional method. 

Free base: *H NMR (CDCI 3 ) 5 1.60 (s, 27H), 1.68 (s, 3H), 1.92-2.13 (m, 32H), 2.62 (t, J = 5.5 Hz, 2H), 2.70 (t, J = 
5.5 Hz, 2H), 3.07 (d, J = 6.5 Hz, 2H ), 3.47 (s. 2H), 3.61 (s, 2H), 3.76 (s, 6H), 3.85 (s, 3H), 5.06 - 5.15 (m, 8H), 5.28 
(t, J = 6.5 Hz, 1 H), 6.69 - 6.88 (m, 6H) 
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Preparation Example 4 



N,N'-bis(3-chlorobenzyl)-N-solanesylethylenediamine 



H 




CI 



The title compound was prepared by a similar way as in Preparation Example 1 , except for using N,N'-bis(3-chlo- 
robenzyl)ethylenediamine instead of N,N'-bis(3,4-diethoxybenzyl)ethylenediarnine. To a solution of N,N'-bis(3-chlo- 
robenzyl)-N-solanesylethylenediamine (1 .37 g, 1 .489 mmol) in acetone was added f umaric acid (1 73 mg, 1 .489 mmol) 
and the solution was allowed to stand overnight under cooling. The precipitated crystal was recovered by filtration to 
give 1 .26 g of the f umarate of the title compound. 

Free base: *H NMR (CDCI 3 ) 5 1.58 (s t 3H), 1.60 (s, 24H), 1.68 (s, 3H), 1.90 - 2.15 (m, 30H), 2.55-2.70 (m, 4H), 3.03 
(d. J = 6.4 Hz, 2H), 3.50 (s, 2H), 3.66 (s. 2H), 5.05 - 5. 1 5 (m, 8H), 5.26 (t, J = 6.8 Hz, 1 H), 7. 10 - 7.30 (m, 8H). Fumarate: 
m.p. 70 - 73°C; 1 H NMR (CDCI 3 -CD 3 OD) 5 1 .57 (s, 3H), 1 .60 (s, 24H), 1 .68 (s, 3H), 1 .90 - 2.20 (brm, 30H), 2.58 - 2.81 
(m, 2H), 2.82 - 2.97 (m, 2H), 3.03 - 3.17 (m, 2H), 3.56 (brs, 2H), 3.93 (brs, 2H), 5.02 - 5.35 (m, 9H), 675 (brs, 2H), 
7.10-7.42 (m, 8H). 

Preparation Example 5 

N,N'-bis(2,4-dimethoxybenzyl)-N-solanesylethylenediamine 



The title compound was prepared by a similar way as in Preparation Example 1, except for using N,N'-bis 
(2,4-dimethoxybenzyl)ethylenediamine, instead of N.N'-bistS^-diethoxybenzyOethylenediamine. The title compound 
was converted to the dihydrochloride by conventional method. 

Free base: 1 H NMR (CDCI 3 ) 6 1.50 - 1.65 (m, 27H), 1.68 (s, 3H), 1.90 - 2.15 (m, 32H), 2.62 (m. 2H), 273 (m, 2H), 
3.00 (d, J = 6.8 Hz, 2H), 3.65 - 3.75 (m, 10H), 379 (s, 6H), 5.15 - 5.05 (m, 8H), 5.27 (t, J = 6.8 Hz, 1H), 6.35 - 6.45 
(m, 4H), 7.14 (d, J = 8.8 Hz, 1H), 7.19 (d, J = 7.8 Hz, 1H). Dihydrochloride: 1 H NMR (CDCI 3 ) 5 1.45 - 1.80 (m, 30H), 
1.85 - 2.20 (m, 32H), 2.32 (m, 2H), 3.17 (m, 2H), 3.55 - 3.75 (m, 2H), 3.81 (s, 3H), 3.83 (s, 6H), 3.86 (s, 3H), 4.05 - 
4.35 (m, 4H), 5.00 - 5.15 (m, 8H), 5.52 (m, 1H), 6.40 - 6.55 (m, 4H), 7.36 (m, 1H), 7.42 (m, 1H), 9.88 (br, 1H), 10.40 
(br, 1H), 11.45 (br, 1H). 
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Preparation Example 6 

N.N'-bisfS-methyl^.a^.SMetrarnethoxybenzytJ-N-solanesylethylenediamine 

OMe 



w 



15 




OMe 

20 The title compound was prepared by a similar way as in Preparation Example 1 , except for using N,N'-bis(6-methyl- 

2,3,4,5-tetramethoxyben/yl)ethylonediamine, instead of N,N'-bis(3,4-diethoxybenzyl)ethylenediamine. The title com- 
pound was converted to the dihydrochtoride by conventional method. 

Free base: 'H NMR (CDCl 3 ) h 1 60 (s. 27H). 1.6B (s, 3H), 1.90 - 2.10 (m, 32H), 2.20 (s, 3H), 2.22 (s, 3H), 2.52 (br, 
2H), 2.67 (br, 2H), 2.96 (d J 6 8 Hz. 2H), 3.64 (s, 2H), 3.70 (s, 2H), 3.72 (s. 3H), 3.76 (s. 3H), 3.78 (s, 3H), 3.81 (s, 
25 3H), 3.86 (s, 3H). 3.89 (s. 3H). 3 90 (s, 6H), 5.05-5.15 (m, 8H), 5.31 (br, 1H). 

Dihydrochloride: 1 H NMR (CDCi 3 ) 6 1 60 (s. 24H), 1.68 (s, 3H), 1.74 (s, 3H), 1.85 - 2.20 (m. 32H), 2.34 (s, 3H), 2.40 
(s, 3H), 3.15 (br, 1H). 3 29 (br 1H). 3 60 - 4.25 (m, 8H), 3.77 (s, 3H), 3.78 (s, 3H). 3.87 (s, 3H), 3.88 (s, 3H), 3.89 (s, 
3H). 3.90 (s, 3H), 3.93 (s 3H) 3 96 (s 3H). 5.05 -5.15 (m, 8H), 5.53 (br, 1 H), 1 0.23 (br, 1 H). 1 0.45 (br, 1 H), 1 1 .06 (br, 1 H). 

30 Preparation Example 7 

N-(3,4-dimethoxyben/yn-N'-(6-methyl-2.3.4,5-tetramethoxybenzyl)*N-solanesylethylenediamine 




45 



A mixture of N-(3,4-dimothoxybonzyl)-N*solanesylethylenediamine (5.0 g, 6.1 mmol), e-methyl^.SAS-tetrameth- 
oxybenzaldehyde ( 1 .7 g, 7.0 mmol) and methanol (5 ml) was heated under reflux for one hour with stirring. After cooling, 
sodium borohydride (0.23 g, 6. 1 mmol) was added at room temperature with stirring and the mixture was further stirred 

bo at room temperature for two hours. The solvent was concentrated under reduced pressure, and to the residue was 
added chloroform and 5% aqueous sodium hydroxide solution. The mixture was stirred at room temperature. The 
organic layer was washed with saturated saline, dried over magnesium sulfate and concentrated. A silica gel column 
chromatography of the residue gave 5.41 g (85%) of the title compound as a yellow oily product. The title compound 
was converted to the dihydrochloride by conventional method. 

55 Free base: 1 H NMR (CDCI 3 ) 5 1.55 (s, 3H), 1.60 (s, 24H), 1.68 (s, 3H), 1.90-2.10 (m, 32H), 2.22 (s, 3H), 2.60 (t, J = 
5.9 Hz, 2H), 2.73 (t, J = 5.8 Hz, 2H), 3.01 (d, J = 6.8 Hz, 2H), 3.49 (s, 2H), 3.70 (s. 2H). 3.76 (s, 3H), 3.82 (s, 6H), 3.85 
(s, 3H), 3.86 (s, 3H), 3.89 (s, 3H), 5.05 - 5.15 (m, 8H), 5.28 (t, J = 6.8 Hz, 1H), 6.62 - 6.79 (m, 2H), 6.86 (s, 1H). 
Dihydrochloride: 'H NMR (CDCI 3 ) 5 1.53 (s, 3H), 1.60 (s, 21 H), 1.62 (s, 3H), 1.68 (s, 3H), 1.90 - 2.20 (m, 32H), 2.38 
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(s, 3H), 3.21 (br, 2H), 3.33 (br, 2H), 3.69 (br, 2H), 3.77 (s, 3H), 3,87 (s, 3H), 3.88 (s, 6H), 3.94 (s, 6H), 4.09 - 4.25 (m, 
4H), 5.05 - 5.15 (m, 8H), 5.40 - 5.50 (m, 1H), 6.80 - 6.85 (m, 1H), 6.93 - 6.98 (m, 1H), 7.45 (s, 1H), 10.12 (br, 2H), 
11.8B (br, 1H). 

Preparation Example 8 

N-(3 1 4-dimethoxybenzyl)-N , -(2-hydroxy-3-methoxybenzyl)-N-sotanesylethylened 



The title compound was prepared by a simitar way as in Preparation Example 7, except that 2-hydroxy-3-meth- 
oxybenzaldehyde was used instead of 6-methyl-2,3,4,5-tetramethoxybenzaldehyde. Yield 76%. The title compound 
was converted to the dihydrochloride by conventional method. 

Free base: *H NMR (CDCI 3 ) 5 1.60 (s, 27H), 1.68 (s, 3H), 1.90 - 2.10 (m, 32H), 2.55 - 2.70 (m, 4H), 3.07 (d, J = 6.4 
Hz, 2H), 3.50 (s, 2H), 3.81 (s, 2H), 3.82 (s, 3H), 3.86 (s, 3H), 3.87 (s, 3H), 5.05 - 5.15 (m, 8H), 5.28 (t, J = 6.4 Hz, 1H), 
6.52 (d, J = 7.3 Hz, 1 H), 6.68 - 6.86 (m, 5H). 

Dihydrochloride (brown oily): ""H NMR (CDCI 3 ) 6 1.60 (s, 27H), 1.67 (s, 3H), 1.90 - 2.20 (m, 32H), 3.23 (br, 2H), 3.70 
(br, 2H), 3.85 (s, 3H), 3.87 (s, 3H), 3.93 (s, 3H), 3.89 (br, 2H), 4.19 (s, 4H), 5.05 - 5.15 (m, 8H), 5.45 (t, J = 7.4 Hz, 
1H), 6.81 -7.00 (m, 4H), 7.13 (m, 1H), 7.43 (s, 1H), 10.4 (br ( 2H), 11.7 (br, 1H). 

Preparation Example 9 

N'-fS^-dimethoxybenzyl^N-te-methyl^.S^.S-tetramethoxybenzyll-N-solanesylethylenediamine 



The title compound was prepared by a similar way as in Preparation Example 7, except that N-(6-methyl-2,3 ( 4,5-te- 
tramethoxybenzyl)-N-solanesylethylenediamine was used instead of N-(3,4-dimethoxybenzyl)-N-solanesylethylenedi- 
amine and veratraldehyde was used instead of 6-methyl-2,3,4,5-tetramethoxybenzaldehyde. Yield 85%. The title com- 
pound was converted to the dihydrochloride by conventional method. 

Free base: 1 H NMR (CDCI 3 ) 5 1.60 (s, 27H), 1.68 (s, 3H), 1.90-2.10 (m, 32H), 2.24 (s, 3H), 2.55 (br, 2H), 2.65 (br, 
2H), 3.00 (d, J = 6.3 Hz, 2H), 3.51 (s, 2H), 3.55 (s, 2H), 3.73 (s, 3H), 3.74 (s, 3H), 3.86 (s, 3H), 3.87 (s, 6H), 3.90 (s, 
3H), 5.05 - 5.15 (m, 8H), 5.30 (t, J = 6.3 Hz, 1 H), 6.74 - 6.89 (m, 3H). 

Dihydrochloride (brown oily): 1 H NMR (CDCI 3 ) 6 1.60 (s, 24H), 1.68 (s, 3H), 1.74 (s, 3H), 1.90 - 2.20 (m, 32H), 2.34 
(s, 3H), 3.01 (br, 1 H), 3.21 (br, 1 H), 3.77 (s, 3H). 3.85 (s, 3H), 3.87 (s, 3H), 3.90 (s, 3H), 3.94 (s, 3H), 3.95 (s, 3H), 3.66 



OMe 





OMe 
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- 4.27 (m, 8H), 5.05 - 5. 1 5 (m, 8H), 5.50 - 5.60 (m, 1 H), 6.B0 (d, J = 8.3 Hz, 1H), 7.01 (d. J = 8.3 Hz, 1 H), 7.41 (s, 1 H), 
10.52 (br, 1H), 10.64 (br, 1H), 10.86 (br, 1H). 

Preparation Example 10 

N-(6-methyl-2,3,4,54etramethoxybenzy^ 



OMe 




OMe 



The title compound was prepared as a yellow oily product, by a similar way as in Preparation Example 7, in a 
solvent of methanol/chloroform (3/1. (v/v)), except that N-(6-methyl-2,3,4,5-tetramethoxybenzyl)-N-solanesylethylen- 
ediamine was used instead of N-(3,4-dimethoxybenzyl)-N-sotanesylethylenediamine, and 3,4,5-trimethoxybenzalde- 
hyde was used instead of e-methyl^.SAS-tetramethoxybenzaldehyde. Yield 83%. The title compound was converted 
to the dihydrochloride by conventional method. 

Free base: iH NMR (CDCI 3 ) 8 1 .60 (s, 27H), 1 .68 (s, 3H), 1 .90 - 2.10 (m, 32H), 2.25 (s, 3H), 2.56 (t, 2H), 2.65 (t, 2H), 
3.01 (d, J = 6.8 Hz, 2H), 3.52 (s, 2H), 3.53 (s, 2H), 3.72 (s, 3H), 3.80 (s, 3H), 3.82 (s, 3H), 3.85 (s, 6H), 3.87 (s, 3H), 
3.89 (s, 3H), 5.05- 5.15 (m, 8H), 5.31 (t, 1H), 6.50 (s, 2H). 

Dihydrochloride (brown oily): 'H NMR (CDCI 3 ) 6 1.59 (s, 24H), 1.67 (s, 3H), 1.74 (s, 3H), 1.90 - 2.20 (m, 32H), 2.34 
(s, 3H), 3.07 (br, 1 H). 3.24 (br, 1 H), 3.78 (s, 3H), 3.83 (s, 3H), 3.85 (s, 3H), 3.88 (s, 3H), 3.90 (s, 3H), 3.94 (s, 3H), 3.72 
- 4.29 (m. 8H), 5.05 - 5.15 (m. 8H), 5.57 (t. J = 6.8 Hz, 1H), 6.94 (s, 2H), 10.54 (br, 1H), 10.64 (br, 1H), 10.83 (br, 1H). 

Preparation Example 11 

N , -(2,4-difluorobenzyl)-N-(3.4-dimethoxybenzyl)-N-solanesylethylenediamine 




The title compound was prepared as a yellow oily product, by a similar way as in Preparation Example 7, except 
that 2,4-difluorobenzaldehyde was used instead of 6-methyl-2,3,4 ( 5-tetramethoxybenzaldehyde. Yield 38%. The title 
compound was converted to the dihydrochloride by conventional method. 

Free base: NMR (CDCI 3 ) 6 1.60 (s, 24H), 1.62 (s, 3H), 1.68 (s. 3H), 1.90 - 2.10 (m, 32H), 2.59 (t, J = 5.6 Hz, 2H), 
2.66 (t, J = 5.6 Hz, 2H), 3.03 (d, J = 6.4 Hz, 2H), 3.47 (s, 2H), 3.71 (s, 2H), 3.82 (s. 3H), 3.86 (s, 3H), 5.05 - 5.15 (m, 
8H), 5.27 (t, J = 6.4 Hz, 1 H), 6.73 - 6.88 (m f 5H), 7.24 (m, 1 H). 

Dihydrochloride (yellow oily): 1 H NMR (CDCI 3 ) 6 1.60 (s, 24H), 1.68 (s, 3H), 1.70 (s, 3H), 1.90 - 2.20 (m, 32H), 3.04 - 
4.23 (m, 10H), 3.89 (s, 3H). 3.92 (s, 3H), 5.05 - 5.15 (m, 8H), 5.48 (t, 1H), 6.84 (m, 2H), 6.97 (m, 2H), 7.40 (s, 1H), 
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7.82 (m, 1H), 10.60 (br, 1H), 10.80 (br, 1H), 11.57 (br, 1H). 



Preparation Example 12 



N-fa^-dimethoxybenzyO-N-solanesyl-N'-fS^^-trimethoxybenzyOethylenediarriine 



H 




OMe 



The title compound was prepared by a similar way as in Preparation Example 7, in a solvent of methanol/chloroform 
(3/1, (v/v)), except thai 3.4.5-trtmothoxybenzaldehyde was used instead of 6-methyl-2,3,4,5-tetramethoxybenzalde- 
hyde. Yield 78%. The title compound was converted to the dihydrochloride by conventional method. 
Free base: 1 H NMR (CDCI 3 ) 6 1 60 (s. 24H), 1.65 (s, 3H), 1.68 (s, 3H), 1.90-2.15 (m, 32H), 2.61 (t, J -5.9 Hz, 2H), 
2.70 (t, J = 5.9 Hz. 2H), 3 07 (d. J - 6 4 Hz, 2H), 3.50 (s t 2H), 3.64 (s, 2H), 3.80 (s, 3H), 3.82 (s, 3H), 3.84 (s, 6H), 3.85 
(s, 3H), 5.05 - 5.15 (m. 8H). 5 30 (t. J = 6.4 Hz, 1H), 6.53 (s, 2H), 6.76 - 6.82 (m, 5H), 6.24 (s, 1H). 
Dihydrochloride (yellow oity) 'H NMR (CDCI 3 ) 8 1 .60 (s, 24H), 1.68 (s, 6H), 1.90 - 2.20 (m, 32H), 3.15 (br, 1H), 3.30 
(br, 1H), 3.66 - 4 20 (m. 8H). 3 84 (s. 3H). 3.88 (s, 3H), 3.90 (s, 6H), 3.95 (s, 3H), 5.05 - 5.15 (m, 8H), 5.40-5.50 (m, 
1H), 6.84 (d, J = 8 3 Hz. tH). 6 94 (s 2H). 6.97 (d, J = 8.3 Hz, 1H), 10.55 (br, 2H), 11.73 (br, 1H). 

Preparation Examplo 1 3 

N'-(3,4-difluoroben/yi)-N-(3 4-dtmethoxybenzyl)-N-solanesylethylenediamine 



The title compound was prepared by a similar way as in preparation Example 7, in a solvent of methanol/chloroform 
(3/1, (v/v)), except that 3.4-difluorobenzaldehyde was used instead of e-methyl^.SAS-tetramethoxybenzaidehyde. 
Yield 82%. The title compound was converted to the dihydrochloride by conventional method. 
Free base: 1 H NMR (CDCI 3 ) 6 1.60 (s, 27H), 1.68 (s, 3H), 1.90 - 2.17 (m, 32H), 2.59 (t, J = 5.4 Hz, 2H), 2.64 (t, J = 
5.4 Hz, 2H), 3.06 (d, J = 6.8 Hz, 2H), 3.49 (s, 2H), 3.61 (s, 2H), 3.81 (s, 3H), 3.86 (s, 3H), 5.05 - 5.15 (m, 8H), 5.29 (t, 
J = 6.8 Hz, 1H), 6.77 - 7.14 (m, 6H). 

Dihydrochloride (yellow oily): 1 H NMR (CDCl 3 ) 5 1.60 (s, 24H), 1.68 (s, 3H), 1.71 (s, 3H), 1.90 - 2.20 (m, 32H), 3.07 
(br, 1H), 3.29 (br, 1H), 3.89 (s, 3H), 3.95 (s, 3H), 3.69 - 4.17 (m, 8H), 5.05 - 5.15 (m, 8H), 5.46 (t, 1H), 6.84 - 7.56 (m, 
6H), 10.65 (br, 1H), 10.80 (br, 1H), 11.68 (br, 1H). 



F 




14 



EP 0 781 552 A1 



Preparation Example 14 



N-(3,4-dimethoxybenzyl)-N-solanesyl-N , -(2,4,6-trimethoxybenzyl)ethylenediamin 




MeO 



,OMe 



H 



OMe 



The title compound was prepared by a similar way as in Preparation Example 7, in a solvent ot methanol/chloroform 
(3/1, (v/v)), except that 2,4,6-trimethoxybenzaldehyde was used instead of 6-methyl-2,3,4,5-tetramethoxybenzalde- 
hyde. Yield 98%. The title compound was converted to the dihydrochloride by conventional method. 
Free base: 1 H NMR (CDCI 3 ) 5 1.54 (s, 3H), 1.60 (s, 24H), 1.68 (s, 3H), 1.90-2.10 (m, 32H), 2.57 - 2.65 (m, 2H), 2.65 
- 2.73 (m, 2H), 2.98 (d, J = 6.8 Hz, 2H), 3.48 (s, 2H), 3.76 (s, 6H), 3.79 (s, 2H), 3.79 (s, 3H). 3.82 (s, 3H), 3.85 (s, 3H), 
5.05 - 5.15 (m, 8H), 5.23 (t, J = 6.8 Hz, 1H), 6.10 (s, 2H), 677 (s, 2H), 6.85 (s, 1H). 

Dihydrochloride (yellow oily): 1 H NMR (CDCI 3 )6 1.60 (s, 24H), 1.68 (s, 6H), 1.90-2.20 (m, 32H), 2.93 (br, 1H), 3.14 
(br, 1H), 3.67 (br, 2H), 3.82 (s, 6H), 3.83 (s, 3H), 3.88 (s, 6H), 3.90 (br, 2H), 4.10 - 4.25 (m, 4H), 5.05 - 4.15 (m, 8H) t 
5.46 (br, 1 H), 6.08 (d, J = 8.3 Hz, 1 H), 6.90 (d, J = 8.3 Hz, 1 H), 7.42 (s, 1 H), 9.75 (br, 1 H), 9.95 (br, 1 H), 1 2.21 (br, 1 H). 

Preparation Example 15 

N-(3,4-difluorobenzyl)-N-solanesyl-N , -(2 1 4,6-trimethoxybenzyl)ethylenediamine 



The title compound was prepared as a yellow oily product, by a similar way as in Preparation Example 7, in a 
solvent of methanol/chloroform (3/1 , (v/v)), except that N-(3,4-difluorobenzyl)-N-solanesylethylenediamine was used 
instead of N-(3,4-dimethoxybenzyl)-N-solanesylethylenediamine, and 2,4,6-trimethoxybenzaldehyde was used in- 
stead of 6-methyl-2,3,4,5-tetramethoxybenzaldehyde. Yield 86%. The title compound was converted to the dihydro- 
chloride by conventional method. 

Free base: NMR(CDCI 3 ) 6 1.51 (s, 3H), 1.60(s, 24H), 1.68 (s, 3H), 1 .90 - 2.10 (m, 32H), 2.55-2.67 (m. 4H). 2.94 
(d. J = 6.4 Hz, 2H), 3.43 (s, 2H), 3.76 (s, 2H), 3.78 (s, 6H), 3.80 (s, 3H), 5.05 - 5.15 (m, 8H), 5.22 (t, J = 6.4 Hz ( 1H), 
6.11 (s, 2H), 6.90-7.15 (m, 3H). 

Dihydrochloride (brown oily): 1 H NMR (CDCI 3 ) 6 1.60 (s, 24H). 1.66 (s, 3H), 1.68 (s, 3H), 1.90 - 2.20 (m, 32H), 2.57 
(br, 2H), 3.01 (br, 1H), 3.20 (br, 1H), 3.68 (br, 2H), 4.07 - 4.40 (m, 4H), 5.03 - 5.15 (m, 8H), 5.40 - 5.50 (m, 1H), 6.10 
(s, 2H), 7.10 - 7.20 (m, 1H), 7.43 - 7.50 (br, 1H), 7.50 - 7.60 (m, 1H), 9.70 (br, 1H), 9.82 (br, 1H), 12.30 (br, 1H). 
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Preparation Example 16 



N,N'-bis(3,4-difluorobenzyl)-N-solanesylethylenediamine 



H 




F 



,F 



The title compound was prepared as a yellow oily product by a similar way as in Preparation Example 7, in a 
solvent of methanol/chloroform (3/1, (v/v)), except that N-(3,4-difluorobenzyl)-N-solanesylethylenediamine was used 
instead of N-(3,4-dimethoxybenzyl)-N-solanesylethylenediamine, and 3,4-difluorobenzaldehyde was used instead of 
6-methyl-2,3,4,5-tetramethoxybenzaldehyde. Yield 90%. The title compound was converted to the dihydrochloride by 
conventional method. 

Free base: 1 H NMR (CDCI 3 ) 6 1.60 (s, 27H), 1.68 (s, 2H), 1.90 - 2.10 (m, 32H) t 2.57 - 2.63 (m, 4H) ( 3.02 (d, J = 6.8 
Hz, 2H), 3.48 (s, 2H), 3.65 (s, 2H), 5.05 - 5.15 (m, 8H), 5.24 (t, J = 6.8 Hz, 1H) t 6.97 - 7.14 (m, 6H). 
Dihydrochloride (white amorphous solid): 1 H NMR (CDCI 3 ) 5 1.60 (s, 24H), 1.68 (s, 3H), 1.69 (s, 3H), 1.90 - 2.25 (m, 
32H), 3.33 - 4.38 {m, 10H), 5.05-5.15 (m, 8H), 5.40-5.50 (m, 1H), 7.15-7.25 (m, 2H), 7.44 (br, 2H). 7.55 - 7.65 (m, 
2H), 10.70 (br, 2H), 11.91 (br, 1H). 

Preparation Example 17 

N l -(3 ) 4-dimethoxybenzyl)-N-solanesyl-N-(2,4,6-trimethoxybenzyl)ethylenediamine 



The title compound was prepared as a yellow oily product by a similar way as in Preparation Example 7, in a 
solvent of methanol/chloroform (3/I, (v/v)), except that N-solanesyl-N-(2,4,6-trimethoxybenzyl)ethylenediamine was 
used instead of N-(3,4-dimethoxybenzyl)-N-solanesylethylenediamine, and veratraldehyde was used instead of 6-me- 
thyl-2,3,4,5-tetramethoxybenzaldehyde. Yield 84%. The title compound was converted to the dihydrochloride by con- 
ventional method. 

Free base: 1 H NMR (CDCI 3 ) 5 1.60 (s, 27H), 1.68 (s, 3H), 1.90- 2.10 (m, 32H), 2.61 (br, 2H), 2.79 (br, 2H), 3.03 (d, J 
= 6.8 Hz, 2H), 3.55 (s, 2H), 3.70 (s, 2H), 3.70 (s, 6H), 3.79 (s, 3H), 3.85 (s, 3H), 3.86 (s, 3H), 5.05 - 5.15 (m, 8H), 5.32 
(t, J = 6.8 Hz, 1H), 6.09 (s, 2H), 6.75 - 6.85 (m, 2H), 6.97 (br, 1H). 

Dihycrochloride (yellow oily): 1 H NMR (CDCI 3 ) 5 1.60 (s, 24H), 1.68 (s, 3H), 1.71 (s, 3H), 1.90 - 2.20 (m, 32H), 3.15 
(br, 2H), 3.52 - 3.77 (m, 4H), 3.84 (s, 6H), 3.87 (s, 3H), 3.96 (s, 3H), 3.98 - 4.35 (m, 4H), 5.05 - 5.15 (m, 8H), 5.52 (t, 
1H), 6.11 (s, 2H), 6.82 (d, J = 8.3 Hz, 1H), 7.04 (d, J = 8.3 Hz, 1H),7.45(s, 1H), 10.42 (br, 1H), 10.64 (br, 1H), 10.84 
(br, 1H). 
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Preparation Example 18 



N.N'-bisfg.A.e-trimethoxybenzyO-N-solanesylethylenediamine 



MeO 




,OMe 




OMe 



MeO 



OMe 



OMe 



The title compound was prepared as a yellow oily product by a similar way as in Preparation Example 7, in a 
solvent of methanol/chloroform (3/I, (v/v)), except that N-solanesyl-N-(2,4,6-trimethoxybenzyl)ethylenediamine was 
used instead of N-(3,4-dimethoxybenzyl)-N-solanesylethylenediamine, and 2,4,6-trimethoxybenzaldehyde was used 
instead of 6-methyl-2,3,4,5-tetramethoxybenzaldehyde. Yield 68%. The title compound was converted to the dihydro- 
chloride by conventional method. 

Free base: 1 H NMR (CDCI 3 ) 6 1.60 (s, 27H), 1.68 (s ( 3H), 1.90 - 2.10 (m, 32H), 2.58 (br, 2H), 2.74 (br, 2H), 3.00 (br, 
2H), 3.56 (s, 2H), 3.74 (s, 2H), 3.74 (s, 6H), 3.75 <s, 6H), 3.79 (s, 3H), 3.80 (s, 3H), 5.05 - 5.15 (m, 8H), 5.33 (br, 1H), 
6.09 (s, 4H). 

Dihydrochloride (yellow oily): NMR (CDCI 3 ) 5 1.60 (s, 24H), 1 .68 (s, 3H), 1.71 (s, 3H), 1.90 - 2.20 (m, 32H), 2.29 
(br, 2H), 3.13 (br, 2H), 3.53 (br, 2H), 3.80 (s, 6H), 3.82 (s, 3H), 3.84 (s, 9H), 4.02 - 4.21 (m, 4H), 5.05 - 5.15 (m, 8H), 
5.51 (t, J = 6.8 Hz, 1H), 6.08 (s, 2H), 6.09 (s, 2H), 9.56 (br, 1H), 10.23 (br, 1H), 10.97 (br, 1H). 

Pharmaceutical Example 1 Hard capsules 

A mixture of 25 g of N.N'-bisie-methyi^.S^.S-tetramethoxybenzylJ-N-solanesylethylenediamine (the compound 
of Preparation Example 6) and 7.5 g of polyoxyethylene castor oil in methanol was mixed with 25 g of silicic anhydride. 
After evaporation of methanol, the mixture was further mixed with 5 g of calcium carboxymethylcellulose, 5 g of com 
starch, 7.5 g of hydroxypropylcellulose and 20 g of microcrystalline cellulose, and further 30 ml of water. The mixture 
was kneaded to give a granular mass. The mass was pelletized by means of a pelletizer equipped with No. 24 mesh 
(B.S.) screen to obtain granules. The granules were dried to less than 5% moisture content and screened with No. 16 
mesh (B.S.) screen. The screened granules were capsuled by means of a capsule filling machine so as to be contained 
in an amount of 200 mg per capsule. 

Pharmaceutical Example 2 Soft capsules 

A homogeneous solution was prepared by mixing 30 g of N,N , -bis(6-methyl-2,3,4,5-tetramethoxybenzyl)-N-solane* 
sylethylenediamine (the compound of Preparation Example 6) with 130 g of polyethylene glycol (Macrogol 400). Sep- 
arately, a gelatin solution was prepared which contained 93 g of gelatin, 19 g of glycerol, 10 g of D-sorbitol, 0.4 g of 
ethyl p-hydroxybenzoate, 0.2 g of propyl p-hydroxybenzoate and 0.4 g of titanium oxide. The gelatin solution was used 
as a capsule film forming agent. The previously obtained solution, together with the capsule film forming agent, was 
treated with a manual type flat punching machine to obtain capsules, each having the contents of 190 mg. 

Pharmaceutical Example 3 Soft capsules 

A homogeneous solution was prepared by mixing 40 g of N.N'-biste-methyl^.S^.S-tetramethoxybenzyO-N-sotane- 
sylethylenediamine (the compound of Preparation Example 6) with 120 g of polyethylene glycol (Macrogol 400). Sep- 
arately, a gelatin solution was prepared which contained 90 g of gelatin, 16 g of glycerol, 18 g of D-sorbitol, 0.35 g of 
ethyl p-hydroxybenzoate, 0.2 g of propyl p-hydroxybenzoate and 0.3 g of titanium oxide. The gelatin solution was used 
as a capsule film forming agent. The previously obtained solution, together with the capsule film forming agent, was 
treated with a manual type flat punching machine to obtain capsules, each having the contents of 180 mg. 
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Pharmaceutical Example 4 Injections 

5 g of N.N'-bisfe-methyl^.S^.S-tetramethoxybenzyO-N-solanesylethylenediamine dihydrochloride (the compound 
of Preparation Example 6), an appropriate amount of peanut oil and 1 g of benzyl alcohol were mixed, and further 
5 peanut oil was added to the mixture to make up a total volume of 100 ml. This solution was dispensed in an amount 
of 1 ml under asepsis operation into an ampule which was then sealed. 

Pharmaceutical Example 5 Injections 

10 9 gof N.N'-biste-methyl-S.S^.S-tetramethoxybenzyO-N-solanesylethylenediamine dihydrochloride (the compound 

of Preparation Example 6), 5.0 g of hydrogenated castor oil polyoxyethylene (60 mols) ether ("Nikkol HCO 60" available 
from Nikko Chemical Co., Ltd.), 20 g of propylene glycol, 10 g of glycerol and 5.0 g of ethanol were mixed. To the 
mixture, 100 ml of distilled water were added and stirred. Under asepsis operation, this solution was dispensed in an 
amount of 2 ml into an ampule which was then seated. 

is The pharmacological activities of the present compounds as multidrug resistance inhibitors are demonstrated by 

the following Examples. 

Example 1 

20 Colony formation assay for adriamycin resistant cells (MCF 7/ ADM) derived from human breast cancer 

A culture solution of adriamycin resistant cells (MCF 7/ADM) derived from human breast cancer, suspended in 
MEM (minimal essential medium, available from Nissui Seiyaku) containing 10% fetal calf serum, glutamine (2u.g/ml) 
and kanamycin (50 |ig/ml), was prepared so as to give a concentration of 750 cells/ml. The solution was dispensed 

25 into a 12 well-microplate so as to give 1500 cells per well. The cells were incubated at 37°C for 24 hours in 5% C0 2 . 
A 0.50 mmol solution of each test compound in dimethyl sulfoxide was added cumulatively, and the cells were incubated 
at 37°C for a week in 5% C0 2 . After colonies were stained with 0.1% methylene blue in methanol for 30 minutes and 
dried, the number of colonies were counted by a microscope. The concentration of the compound required to inhibit 
30% colony formation of cells, expressed by IC 30 , was calculated from the counted number of colonies. The results 

30 are shown in the following Table 1 . 



Table 1 



Colony formation assay 


Test compound 


IC30 (u.M) 


Compound of Preparation Example 4 (fumarate) 
Compound of Preparation Example 6 (dihydrochloride) 
Compound of formula (IV) (dihydroch bride) 


50 
50 
5 



The above results indicate that compounds of the present invention has clearly lower cytotoxicity, as compared 
with a compound of formula (IV). 

Example 2 

Combined effect of the present compounds and adriamycin on adriamycin non-resistant cells (MCF 7/WT) derived 
from human breast cancer 

A culture solution of adriamycin non-resistant cells (MCF 7/WT) derived from human breast cancer in MEM (minimal 
essential medium, available from Nissui Seiyaku) containing 10% fetal calf serum, glutamine (2u,g/ml) and kanamycin 
(50 u.g/ml) was dispensed into a 12-well microplate so as to give 1000 cells per well. The cells were incubated at 37°C 
for 24 hours in 5% C0 2 . Adriamycin was cumulatively added to the culture solution at a range of 0 - 50 ng/mg, and a 
solution of each test compound in dimethyl sulfoxide was further added such that a final concentration becomes the 
IC 30 obtained in Example 1 . The cells were incubated at 37°C for a week in 5% C0 2 . As the control, adriamycin alone 
was added to the culture solution as described above and the cells were incubated for a week in the same manner. 
After colonies were stained with 0.1% methylene blue in methanol for 30 minutes and dried, the number of colonies 
was counted by a microscope. The concentration of the compound required to inhibit 50% colony formation of cells, 
expressed by IC 50 , was calculated from the counted number of colonies. Further, the potentiation activity (which is the 
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relative value based on IC^ value of the control, adriamycin) was determined. 
The results are shown in the following Table 2. 



Table 2 



Combined effect of test compound and adriamycin (ADM) on MCF7/WT 


Test compound 


Combined concentration (u.M) 


ADM ng/ml (IC 50 ) 


Potentiation activity 


Compound of Preparation 


2 


7.2 


0.72 


Example 5 (dihydrochioride) 








Compound of Preparation 


50 


6.6 


0.66 


Example 6 (dihydrochioride) 








Control (ADM) 




10 


1.0 



The above results indicate that the compounds of the present invention enhance anti-cancer activity of adriamycin 
in ADM non-resistant cells derived from human breast cancer. 



Example 3 

Combined effect of the present compounds and adriamycin on adriamycin resistant cells (MCF 7/ADM) derived from 
human breast cancer 

A culture solution of adriamycin resistant cells (MCF 7/ADM) derived from human breast cancer in MEM (minimal 
essential medium, available from Nissui Seiyaku) containing 10% fetal calf serum, glutamine (2 u,g/ml) and kanamycin 
(50 ng/ml), was dispensed into a 1 2 well-microplate so as to give 1 500 cells per well. The cells were incubated at 37°C 
for 24 hours in 5% C0 2 . Adriamycin was cumulatively added to the culture solution at a range of 0 - 5000 ng/ml, and 
a solution of each test compound in dimethyl sulfoxide was further added such that a final concentration becomes the 
IC 30 value obtained in Example 1. The cells were incubated at 37°C for a week in 5% C0 2 . As the control, adriamycin 
alone was added to the culture solution as described above, and the cells were incubated for a week in the same way. 
After colonies were stained with 0.1% methylene blue in methanol for 30 minutes and dried, the number of colonies 
was counted by a microscope. The concentration of the compound required to inhibit 50% colony formation of cells, 
expressed by IC 50 , was calculated, and the potentiation activity (which is the relative value based on ICso value of the 
control, adriamycin in Example 2) was calculated from the counted number of colonies. The results are shown in the 
following Table 3. 



Table 3 



Combined effect of test compound and adriamycin on MCF 7/ADM 


Test compound 


Combined concentration (u,M) 


ADM ng/ml (IC 50 ) 


Potentiation activity 


Compound of Preparation 


2 


560 


56 


Example 5 (dihydrochioride) 








Compound of Preparation 


50 


240 


24 


Example 6 (dihydrochioride) 








Control 




1250 


125 


Control (Example 2) 




10 


1 



The above results indicate that the compounds of the present invention have an activity overcoming multidrug 
resistance in adriamycin resistant cells derived from human breast cancer. 

As evidenced by the above pharmacological tests, the compounds of formula (I) and its salts according to the 
invention have low cytotoxicity, and enhance an activity of anti-cancer agents in non-resistant cancer cells, and also 
have an activity overcoming resistance in multidrug resistant cancer cells. 

Accordingly, the present compounds of formula (I) and its salts are useful as multidrug resistance inhibitors and 
anti-cancer activity potentiators. 
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Claims 

1. A pharmaceutical composition which comprises, as active ingredient, a compound ot formula (I): 




wherein 

n is an integer of 5 to 12, and 

each of and R 2 is independently a benzyl group, of which the phenyl ring may be substituted by 1 to 5 
substituents selected from hydroxy, (C r C 4 )alkyl, (C r C 4 )alkoxy and halogen, and/or by methylenedioxy, with 
the proviso that B A and R 2 are not simultaneously groups of formula (II): 




or a pharmaceutically acceptable salt thereof. 
2. Use of a compound of formula (I): 




wherein 

n is an integer of 5 to 12, and 

each of R, and R 2 is independently a benzyl group, of which the phenyl ring may be substituted by 1 to 5 
substituents selected from hydroxy, (C r C 4 )alkyl, (C r C 4 )alkoxy and halogen, and/or by methylenedioxy, with 
the proviso that R, and R 2 are not simultaneously groups of formula (II): 




or a pharmaceutically acceptable salt thereof in the manufacture of a medicament for use in overcoming multi- 
drug resistance of cancer. 
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Use of a compound of formula (I): 




H 



R2 



(D 



wherein 



n is an integer of 5 to 12, and 

each of R, and R2 is independently a benzyl group, of which the phenyl ring may be substituted by 1 to 5 
substituents selected from hydroxy, (C r C 4 )alkyl, (CVC^alkoxy and halogen, and/or by methylenedioxy, with 
the proviso that R, and R 2 are not simultaneously groups of formula (II): 



or a pharmaceutical^ acceptable salt thereof in the manufacture of a medicament for use in enhancing the 
activity of anti-cancei agents 

Use according to ciaon 3 wnorom the anti-cancer agents include those for the treatment of brain tumor, kidney 
cancer, adrenal cancer, largo ntostme cancer, small intestine cancer, intestinum colon cancer, lung cancer, liver 
cancer, pancreas cancer and leukemia 

Use according to claim 3 wftofon the anti-cancer agent is taxol or a derivative thereof. 





21 



EP 0 781 552 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application fs umber 

EP 96 30 9280 



DOCUMENTS CONSIDERED TO BE RELEVANT 




Category 


Citation of document with indication, where appropriate, 
of relevant passages 


Relevant 
to daim 


CLASSIFICATION OF THE 
APPLICATION (lnt.U.6> 


D t X 
Y 

D.Y 
D.Y 

Y 
Y 


GB 2 099 424 A (NISSHIN FLOUR MILLING CO) 
8 December 1982 

* page 7; example 6' * 

* page 18 * 

* claims 1,9 * 

EP 0 355 604 A (LEDERLE JAPAN LTD ;NISSHIN 
FLOUR MILLING CO (JP)) 28 February 1990 

* page 1 - page 2 * 

PATENT ABSTRACTS OF JAPAN 
vol. 011, no. 030 (C-400), 29 January 1987 
& JP 61 200913 A (NISSHIN FLOUR MILLING 
CO LTD;0THERS: 01), 5 September 1986, 

* abstract * 

J. NATL. CANCER INST., 

vol. 76, no. 5, 1986, 

pages 947-953, XP002027031 

YAMAGUCHI T. ET AL: "Overcoming drug 

rnci ct^nro in ranrpr rpllc. with c.\/nthpt"ir 

l C3 1 J IQIItC Ml vat ll»Cf ICI 13 nl III djfllLIIClll 

isoprenoids" 

* abstract * 

W0 94 10995 A (RHONE P0ULENC R0RER SA 
;BISSERY MARIE CHRISTINE (FR) ) 26 May 1994 

* page 1, line 15 - page 2, line 2 * 


1 

2-5 
1-5 

1-5 
1-5 

1-5 


A61K31/135 


TECHNICAL FIELDS 
SEARCHED (h*t-CU) 


A61K 


The present search report has been drawn up for all claims 


Pliuof usch Da. of tocsptotoo of »b> tenth Ext-icst 

MUNICH 6 March 1997 Seegert, K 


CATEGORY OF CITED DOCUMENTS 1 : theory or principle underlying the invention 

E : earlier patent document, but published on, or 
X : particularly relevant K taken alone after the filing date 
V : particularly relevant if combined with another I) *. document cited in the application 
document of the same category 1. : document died for other reasons 

A : technological background - — - 

O : non-written disclosure & : member of the same patent family, corresponding 
P : intermediate document document 



22 



